This research studied the effect of stress relief heat treatment on mechanical properties and microstructure in carbon steel AISI 1045 grade. The specimen was carbon steel AISI 1045 which thickness of 6 mm. The AISI 1045 specimens were welded utilizing a gas metal arc welding (GMAW) process. After welding, the stress relief heat treatment parameters examined in this study included stress relief temperature of 450, 500, 550, 600 and stress relief treatment time of 1 and 5 hour. The resulting materials were examined using the full factorial design of experiments to determine the resulting material hardness, tensile strength testing and microstructure observed with optical microscopy (OM) following ASTM standard. A factorial analysis, which was conducted on the interaction between the stress relief heat treatment temperature and time to the hardness of the heat affected zone and tensile strength, had a 95% confidence level. The results show that the highest hardness and tensile strength achieved during the SRHT was 222 HV and 622 MPa for a SRHT time of 5 hr. and a SRHT temperature of 550 °C. The stress relief heat treatment analysis indicates that a sustainable in the amount of pearlite results in better hardness and tensile strength.
Introduction
The medium carbon steel of AISI 1045 steel has good machinability in normalized as well as the hot rolled condition. Based on the recommendations given by the machine manufacturers, operations like tapping, milling, broaching, drilling, turning and sawing etc. can be carried out on AISI 1045 steel using suitable feeds, tool type and speeds. Medium carbon steel are alloys of iron and carbon in which carbon does not usually exceed 0.5 %, manganese, silicon chromium each do not exceed 0.60%. The other alloying elements are usually not more than the amount of residue properties and weldability of carbon steel, these are based on the carbon content. In the elements have only limited impact on medium carbon steel pronounced changes in carbon steel weldability of the talk on the carbon content in the nest of 0:30 to 0:50 carbon steels containing about 0.3 percent carbon and manganese content and relatively low with good weldability. As the carbon content of steel will increase welding process must be designed to avoid the formation of a lot of hard martensite in the heat affected zone. [1] [2] A stress relief heat treatment (SRRT) processes is requirement after welding processes. The matensite phase and resulting high hardness can lead to cracking in the heat affected zone (HAZ) if the metal cannot yield to relieve welding stress [3] . The fatigue strength of welded joints is generally irrespective from the base material yield strength due to notch effects at the weld toe or root, tensile residual stresses by the thermo-mechanical joining process and significant changes in local material properties within the heat-affected zone. An effective way to increase the potential of light-weight design exhibits the application of post-weld treatments. [4] The analysis of variance value stress-relief heat treatment parameters with full factorial design. Many experiments involve the study of the effects of two factor is an interaction between the factors. [5] This research focuses on the effects of SRHT on the microstructure in the heat-affected zone and mechanical properties for carbon steel AISI1045 grade. The optimum values for the variables in the SRHT were determined by a full factorial design of experiments. In this case, the effects of the SRHT time and temperature and their interactions were determined.
Methodology

Materials and Welding Methods
The material used for the test specimens was AISI 1045. Weld specimens were 6.00 mm. thickness. Details on the chemical composition of the material are given in Table 1 . Table 1 Chemical composition of carbon steel AISI 1045 by weight (%)
The specimens were welded utilizing a gas metal arc welding (GMAW) process. The electrode was used ER70S-6 with electrode 0.8 mm in diameter. The welding current was set at 150 amps and a direct current electrode negative (DCEN) was used. Carbon dioxide (100%) was used as the shielding gas with a flow rate of 15 liters/minute. After welding, the specimens were treated by SRHT in two factors. The first factors consisted of SRHT temperature at 450, 500, 550 and 600 °C. The second factor was the SRHT time of 1 and 5 hrs. Each aging treatment condition was conducted randomly, with each condition being tested a total of three replicate.
The welded specimens were sectioned transversely to the weld and polished using standard metallographic techniques. Polished samples for Optical microscope (OM) following ASTM E3 -11 standard guide for preparation of metallographic specimens [6] . The weld specimens were examined and analyzed by the inverted hardness and tensile strength test following ASTM E92-82 standard test method for vickers hardness of metallic materials in heat affected zone (HAZ) [7] .
Experimental Design
In this study, the full factorial design experimental design was studied interaction on hardness. The hypothesis that level of confidence 95 %( P-value< 0.05). The factors used in the study are as follows.
Each excremental treatment was to 3 replicated show in Table 2 .
Hypothesis of experimental. H0 ;(αβ)ij = 0 is SRHT time and SRHT temp no interaction hardness and tensile strength H1; (αβ)ij ≠ 0 is SRHT time and SRHT temp interaction hardness and tensile strength 
Experimental result 3.1 Results of hardness
The hardness was the test on mechanical property of weld for measuring hardness which using 24 sample for each testing according to ASTM E92-82 standard test method for vickers hardness of metallic materials. The hardness of the as received material is 175 HV. The statistical analysis was used to obtain the results and conclusions of the trial through analyzing the variability in the full factorial design are shown in Fig.1 and Table 2 . is near stability to the experimental data. The results showed that the data are randomness. The result concluded that the data from the experimental results for hardness. Table 3 Analysis of variance (ANOVA) for hardness. The SRHT time and temperature interaction effects on the hardness were determined for confidence level of 95% (PValue <0.05). The results indicate that the data could be predicted using the model. The R 2 (adj) of the collected data was approximately 96.93%, which shows that the response can be described by the experimental factors as show in Table3. Figure 3 shows the normal distribution of tensile strength analysis. The normal distribution was used to test the residual distribution. The data results show that the residuals were distributed along a straight line from the middle of the histogram. The residual data of the distribution was a normal shape and the residuals were estimated to have a normal distribution. Table 4 Analysis of variance (ANOVA) for tensile strength. Table4 show the analysis of variance for two factors interaction effects on the tensile strength were determined for confidence level of 95%. The tensile strength results indicate that the data could be approximated using the model. The R 2 (adj) of the collected data was predict 94.70%, which shows that the response can be described by the experimental factors. 
Microstructure analysis
As observed in the heat affected zone (HAZ) shown in Fig.   6 , the microstructure at the weld joints is ferrite in the parent phase and pearlite phase from the SRHT [8] . The optical micrograph in Fig. 6 compares the microstructure in the specimens. Figure 6 (A) also shows the microstructure for the specimen with a SRHT treatment at 450 °C for 1 hr., which shows an increase in density of the large pearlite and lamellar pearlite. The hardness tends to increase for the PWHT treatment of 1 hr. at 550°C. The perlite dissolve into the grain, whereas fine pearlite remain, as shown in Fig. 6(B) . The pearlite have a fine grain, which results in a maximum material hardness. Figure 6 (C) shows a SRHT treatment of 550°C and 1 hr., where the fine pearlite and intensity. At a SRHT temperature of 600°C for 5 hr., over-SRHT in the HAZ results in pearlite intensity of reduced, which causes the lowest hardness value of all tested samples, [9] [10] as shown in Fig. 6(D) .
Conclusions
In this work, the effects of the SRHT on the hardness, 
